Among freshwater systems, coldwater habitats are among the most threatened by climate change. Examining the impacts of increasing water temperature requires the use of both traditional biomonitoring efforts and measures of ecosystem function and structure. We examined fish and macroinvertebrate communities, leaf decomposition rates, periphyton production, and ecosystem metabolism to compare two branches of a trout stream in Minnesota with differing thermal regimes. The cooler South Branch had more coldwater fish, a higher index of biological integrity for fish but a lower index for macroinvertebrates. There were no differences in leaf decomposition rates between branches, although nonnative buckthorn leaves decomposed faster than native black cherry leaves. Periphyton production was higher in the North Branch than the South Branch. Both branches had high nitrogen but low phosphorus levels. Nutrient enrichment with phosphorus enhanced periphyton production in both branches. Measures of stream metabolism, based on diurnal variation in oxygen levels, showed that both branches were heterotrophic. Despite higher periphyton production in the North Branch, gross primary production was higher in the South Branch. The bioassessment measures used in our study yielded inconsistent results, pointing to the need for multiple methods to examine and better describe potential responses to warming from climate change.
Introduction
Climate change has and will continue to have significant impacts on aquatic systems (Schindler 1997; Oki & Kanae 2006; Whitehead et al. 2009; Moss 2012 ). Caissie (2006) and Hester and Doyle (2011) among others indicated that stream temperatures are increasing globally and models by van Vliet et al. (2013) predict future increases in global river temperatures. North American coldwater streams are particularly sensitive to the effects of climate change and land use change, including increased nutrient inputs from agriculture. These coldwater streams typically have maximum daily mean temperatures <22 8C and hold fish assemblages distinct from those of warmwater streams (maximum daily mean temperatures >22 8C; Lyons et al. 1996) . High-quality coldwater streams are dominated by salmonids and cottids and are characterized by low fish species richness. Increases in species richness occur as a result of environmental degradation, when a number of more tolerant eurythermal species replace the typical few coldwater species (Lyons et al. 1996) . Fish communities CONTACT Daniel Hornbach hornbach@macalester.edu varied among habitats upstream (coldwater) and downstream (warmer water) of dams in 10 Michigan streams with a loss of coldwater fish species below the dam but an increase in overall fish species richness in warmer waters (Lessard & Hayes 2003) . Eaton and Scheller (1996) estimated that warming associated with increased carbon dioxide levels would lead to a 50% reduction in habitat for cold and cool water fish. Macroinvertebrate communities also shift as a result of increased temperature; EPT (Ephemeroptera, Plecoptera, and Trichoptera) taxa richness was significantly lower in warmer habitats (Lessard & Hayes 2003) . Previous studies have shown that macroinvertebrate family richness also increases with temperature in rivers (Jacobsen et al. 1997 ). Dallas and RossGillespie (2015) , in reviewing the effects of sublethal temperatures on aquatic organisms, indicate that cool headwaters represent ancestral habitat of many aquatic insects and represent thermal refugia for cold adapted stenotherms. Therefore, monitoring changes in fish and macroinvertebrate communities is especially useful in assessing environmental change in coldwater stream ecosystems. As climate change alters freshwater systems, improved assessment techniques are needed to better understand and manage these resources (Wilby et al. 2010; Friberg et al. 2011; Williams et al. 2015) . Studies of biotic and abiotic structural components of streams are frequently used as measures to assess ecological condition and water quality in streams. In particular, surveys of density, diversity, richness, and indices of biological integrity (IBI) in fish and macroinvertebrate communities are common methods used in stream characterization. Macroinvertebrate communities are good indicators of ecological stress due to the large variety of species and life histories present, which play critical roles in stream function and are sensitive to degradation (Wang & Lyons 2003) . These communities respond predictably to changes in stream hydrology, water quality, and channel morphology (Wright et al. 1984) , thereby providing an accurate indication of stream quality (Karr & Chu 1999) . For example, Herringshaw et al. (2011) , investigating land use change effects on benthic macroinvertebrate communities in a highly impacted Iowa watershed, found that urban land use had greater negative effects on invertebrate density and richness (and therefore stream condition) than agricultural land use. An assessment of ecological conditions of Great Lakes tributaries using a compilation of fish and benthic macroinvertebrate community datasets found that metrics of macroinvertebrate assemblages were more sensitive to agricultural land use changes than those of fish communities. Invertebrates may be more sensitive to these changes due to their lack of mobility, causing them to experience greater environmental stress over time. In contrast to differential response to agricultural land use, another study found that both macroinvertebrate and fish metrics were similarly sensitive to the effects of urbanization (Riseng et al. 2010) .
Measures of ecosystem function and structure are complementary to measures of water quality in streams and rivers (Hopkins et al. 2011 ) and may be useful in developing multimetric measures of habitat quality that deal with some of the conflicting results from biotic structural measures alone. Components used to examine stream quality include ecosystem metabolism , periphyton production , and leaf decomposition rates (Gessner & Chauvet 2002) . Stream metabolism is a functional indicator of overall ecosystem health (Young et al. 2008) . Basic ecosystem properties like nutrient uptake rate, carbon flux into the food web, and trophic status are heavily influenced by stream metabolism (Riley & Dodds 2013) . Each of these properties impact water quality as well as stream metabolism. Similarly, periphyton is sensitive to many environmental conditions of streams and has long been studied as an indicator of water quality, stream health, and trophic status. Omar (2010) provides a synthesizing review of many studies that have used algal communities to assess water quality. Finally, leaf decomposition studies are also useful indicators of ecosystem health. They are advantageous due to their ease of implementation and relatively low cost. Leaf decomposition rates are highly sensitive to anthropogenic factors, such as insecticide application, especially when the litter enters the system from allochthonous sources (Gessner & Chauvet 2002) . A disadvantage of these studies is their susceptibility to a range of biotic and abiotic environmental factors (Abelho 2001; Young et al. 2008) . In spite of this, leaf decomposition measurements combined with other functional (e.g. ecosystem metabolism) and structural indicators are useful in ecosystem monitoring (Young et al. 2008; Feio et al. 2010 ).
While both structural and functional approaches are used in biomonitoring, Marchant et al. (2006) indicate that improvement in approaches is fundamental to sustainable management of the world's freshwater resources. Sandin and Solimini (2009) provide a comparison of structural and functional approaches and conclude that studies to date do not answer the question of whether structural or functional measures are 'better' in assessing stream health, but instead demonstrate that structural measures alone did not detect all types of impairment. They suggest using a combination of structural and functional assessments of streams.
Because climate change is likely to significantly impact coldwater stream ecosystems, and since differing approaches to bioassessment have differing strengths and weaknesses, we examined how ecosystem function (stream metabolism, periphyton production, and leaf decomposition) and structure (benthic macroinvertebrate and fish IBI) differed among two branches of an eastern Minnesota trout stream. These branches are slightly different in temperature regime and might provide a model of shifts that will result from warming temperatures.
Methods

Study area
Valley Creek is a second order stream that flows into the St. Croix River, a tributary of the Mississippi River (Figure 1 ). There are two major branches to the stream, the North and South Branches, which are located in Washington County, MN, USA. Using information from the 2011 National Land Cover Database (NLCD; Jin et al. 2013) , and the Digital Elevation Model (http://nationalmap. gov/3DEP/), we divided the Valley Creek watershed into two parts associated with the two branches. . The surficial geology of the Valley Creek watershed is comprised primarily of Quaternary sandplain, which overlies Ordovician dolostone and Cambrian sandstone; all of which is highly permeable. A portion of the southern basin was not covered during the last glacial episode (Almendinger 2003) .
There are differences in land cover between the two subwatersheds with the South Branch being covered by cultivated crops (33%), hay/pasture (25%), and forest (24%), while the North Branch is covered primarily by forest (42%), followed by cultivated crops (17%), and hay/pasture (14%). Additionally, the North Branch contains more open water and wetlands (2.9% and 1.8%, respectively), while the South Branch has little open water or wetlands (0.1% and 0.9%, respectively). Some bank stabilization structures were implemented in the South Branch between 1960 and 1980 after a period of flooding (Stewart 2007) . The watershed includes one of the best trout streams in the MinneapolisÀSt. Paul metropolitan area (Zapp & Almendinger 2001) .
Groundwater inputs account for a significant portion of the discharge in both branches of Valley Creek (Almendinger 2003) . In the South Branch, groundwater arises from bedrock aquifers that discharge directly into the stream, especially near its headwaters. It is a modestly gaining stream at a number of locations in the lower reaches (Almendinger 2003) . In contrast, the groundwater source for the North Branch appears to discharge mainly in to Lake Edith, and this branch is a losing stream throughout much of its length below the lake (Almendinger 2003) . By having its groundwater discharged into the lake, stream temperatures are warmer than the South Branch. However, near the junction of the North and South Branches is some local groundwater input into the North Branch (Almendinger 2003) .
Physical and chemical analyses
We used standard methods to measure physical and chemical attributes of our study sites. Washington County and the St. Croix Watershed Research Station provided analyses of dissolved nitrogen and phosphorus and mean daily discharge (Washington Conservation District Oakdale, MN, USA and St. Croix Watershed Research Station of the Science Museum of Minnesota, Marine on St. Croix, MN, USA). Chemical analyses were conducted on grab samples taken on a number of dates from 1997 to 2013. Washington County provided hourly discharge data for the two branches from 1998 to 19 November 2015. We used these data to calculate mean daily discharge. These South Branch water samples and discharge data were taken at our sampling site, while these North Branch samples and discharge measurements were taken approximately 300 m upstream of our sampling site.
We measured additional physical and chemical attributes of the two branches at our sampling locations. In both branches we installed mini-piezometers (inside diameter D 0.7 cm diameter, screen length D 4.3 cm) to a depth of 1.1 m below the sediment water interface. We measured stream depth and water depth in the piezometer to calculate the vertical hydraulic gradient, an indication of the amount of groundwater entering or leaving a stream (Baxter et al. 2003) . In ground and surface water, we measured dissolved phosphorus and nitrate using a UV/Vis spectrophotometer (DR 890, Hach Corp., http://www.hach.com), and dissolved oxygen, pH and conductivity with a sonde (model 6600 sonde, YSI, Inc., http://www.ysi.com). Data loggers (HOBO Ò model U26, Onset Computer Corp., http://www.onsetcomp.com) were used to record water temperature every 15 min at both sites. We also installed data loggers (HOBO Ò model U20L-04, Onset Computer Corp., http://www.onsetcomp.com) to record water depth. We collected surficial sediment samples with a 5 cm diameter corer, dried them, sorted samples with a standard series of sieves (0.063, 0.125, 0.25, 0.5, 1, 2, 4, 8, 16, and 31.5 mm) , and weighed the resulting fractions, which were analyzed using Gradistat (Blott & Pye 2001) to determine mean sediment size and sorting coefficient. Critical shear stress, the force required to initiate particle motion, was calculated at each of the four Surber sample collection locations for both stream branches. FST (Fliesswasserstammtisch) hemisphere measurements were used to determine the largest particle entrained at the streambed (Statzner & Müller 1989) . To calculate critical shear stress we used the following equation:
where t cr is critical shear stress, t ci is dimensionless critical shear stress, g is acceleration due to gravity, r s is the density of sediment (FST hemisphere), r w is the density of water, and d is the size of the particle of interest (Fischenich 2001) . Values for dimensionless critical shear stress were taken from Julien (1995) , and were based on our measurements of sediment size classes. We conducted a t-test to compare critical shear stress values between North and South Branches.
Macroinvertebrates
We sampled macroinvertebrates at both study sites, taking four Surber samples (0.09 m 2 plots) at each site on 22 October 2015. Specimens were preserved in 95% ethanol, identified to family using Bouchard (2004) , and enumerated. These data were used to calculate macroinvertebrate density, family richness, family diversity (ShannonÀWeiner index), and a modified Family Biotic Index (FBI À Bouchard 2004). We then conducted linear regressions of macroinvertebrate density and richness with critical shear stress (Dittrich & Schmedtje 1995) . Finally, we divided macroinvertebrates into feeding guilds (Bouchard 2004 ) and used a chi-square test to compare feeding preferences between North and South Branches.
Fish sampling
We collected fishes using three sampling techniques and calculated species richness, diversity, and an IBI for coldwater streams. On both 24 September and 1 October 2015 we sampled all available habitats at both sample sites using kick and dip nets along a 60 m reach as well as a line of people kicking through the substrate to flush fishes into a 10 £ 2 m block seine. On 29 October 2015 we collected fishes using a backpack electrofisher from the same 60 m reaches, plus an additional 50 m upstream. We measured each fish, recorded the species and number collected, and returned fishes to the stream after sampling was completed. From the combined catch we calculated the number of fish collected from each branch, species richness, and ShannonÀWeiner diversity index. We standardized our catch to a 150 m reach, and calculated an IBI for upper Midwest coldwater streams (Mundahl & Simon 1998) .
Leaf decomposition
We examined leaf decomposition in the two branches of Valley Creek with methods adapted from Alonso et al. (2010) . We collected and air dried leaves of common buckthorn (Rhamnus cathartica) and black cherry (Prunus serotina). We filled mesh leaf bags (20 £ 20 cm; one side 6.4 mm openings, the other 1.6 mm openings) with 6 g of leaves: (1) black cherry (native À N), (2) buckthorn (introduced À I), or (3) 1:1 mix (3 g N:3 g I). We weighed five replicates of each treatment and pinned them to the streambed of our study sites. We also had three replicates serve as controls, which we carried into the field and returned to the laboratory to account for leaf loss due to traveling. After either two or four weeks between 10 September 2015 and 8 October 2015 we collected treatment bags. We gently rinsed the bags in the stream, stored them in plastic bags, and refrigerated them for 6 hours before processing. Processing included rinsing the leaves to remove sediment, drying them at 65 C for 24À48 hours, and weighing to ascertain dry weight. We then burned the leaves at 500 C for 2 hours, and weighed them again to determine ash-free dry mass (inorganic weight). We conducted three-way analyses of variance (ANOVAs) with decomposition rates as the dependent variable, and location (North vs. South Branch), collection period, treatment (N, I, or N/I), and their interaction as independent variables.
Periphyton growth
We measured periphyton growth and the potential for nutrient limitation influencing production following the methods in Pringle and Triska (2006) and Vaughn et al. (2007) . We used 20 mL scintillation vials filled with agar enriched with 0.5 M NaNO 3 in 2% agar (N), 0.5 M KH 2 PO 4 in 2% agar (P), or 0.5 M NaNO 3 and 0.5 M KH 2 PO 4 in 4% agar (N C P), or a non-enriched control (C). We covered each vial with a porous silica disc, affixed them with silicone, and placed them in holders with only the silica disc exposed. We placed six replicates of each treatment in the streambed at both study sites and collected three replicates after either 14 or 28 d between 10 September and 8 October 2015. We used chlorophyll a as an index of periphyton density. We extracted chlorophyll in 90% acetone and measured its concentration in with a fluorometer (Aquafluor Ò Model 8000) using EPA Method 445.0 (Arar & Collins 1997) . We calculated periphyton production rates by dividing the final periphyton biomass (at 14 and 28 d) by the time deployed, and then compared them with a three-way ANOVA with periphyton production as the dependent variable and location (North and South Branches), treatment (C, N, P, P C N), collection period (14 or 28 d), and their interactions as the independent variables.
We measured light intensity at the locations where we deployed the nutrient diffusing substrates with light data loggers (HOBO Ò UA-002, Onset Computer Corp.). While the response of these loggers was greater than photosynthetically active radiation (PAR), i.e. that which is important to plants, they recorded the daily variation in light that was reaching algae in the stream (Long et al. 2012) .
Stream metabolism
We used the single station method of Odum (1956) to assess stream metabolism based on daily variation in oxygen concentration in a stream. We deployed dissolved oxygen data loggers (HOBO Ò model U26, Onset Computer Corp.) in each branch to record O 2 levels every 15 min. Almeida et al. (2014) demonstrated that these kinds of optical sensors were the most accurate for measuring stream metabolism. Barometric pressure, needed to determine corrected O 2 levels, was measured near the streams (HOBO Ò microstation model H21, Onset Computer Corp.). From these data we calculated gross primary production (GPP), ecosystem respiration (ER), and net ecosystem production (NEP). Equations (2) and (3) describe these relationships:
where C D concentration of oxygen, C s D concentration of oxygen at saturation, k D reaeration coefficient, and GWA D oxygen accrual from groundwater (Odum 1956 ). ER was assessed as the difference in actual oxygen concentration (C) and the potential oxygen saturation (C s ) during the dark periods of the day and was assumed to be constant throughout the day. Groundwater accrual was usually assumed to be zero (Odum 1956 ). Hall and Tank (2005) ) by using the depth data we collected at each site. In addition to the usual measures of dissolved oxygen, temperature, and barometric pressure needed to assess daily changes in production, PAR was also needed for the model. We installed a PAR monitor near the Valley Creek sites, but it malfunctioned during our project. Fortunately, we had data from this sensor for all of 2014 and a PAR sensor (LiCorr Ò LI-190R sensor) at another site 21.8 km away that was functioning during the course of this study. From the data collected in 2014, we developed a relationship between PAR sampled at these two locations (Valley Creek PAR D ¡12 C 1.01 Ã PAR at the distant site, r 2 D 0.84, n D 13,102). Thus we used measures of PAR at the more distant site to estimate PAR at the Valley Creek sites for this study. JMP Ò v12.1 (SAS Institute, http://www.jmp.com) was used for all statistical analyses.
Results
Physical and chemical analyses
Some physical parameters differed between the two branches. Discharge was significantly higher in the South Branch than in the North Branch ( significantly more dissolved nitrogen in the South Branch (Table 1; 0.0001) . During the course of this study, nitrogen and phosphorus levels followed the same trends as found in the longer data sets (Table 1 ). In addition, we found lower oxygen levels in the groundwater compared to the surface water, based on measurements taken on 15 October 2015 (Table 1) . Groundwater pH and conductivity were similar to surface water measures (Table 1) . Based on water levels from piezometers installed in the streams and measured on three dates during this study, the vertical hydraulic gradient was greater in the North Branch than the South Branch (Table 1 ; paired t-test, t 2 D 6.8, p D 0.02) indicating local groundwater inputs were greater in the North Branch than the South Branch. Despite the local groundwater input at the sampling site in the North Branch, the water temperature was lower in the South Branch (Table 1) . The North Branch, just upstream of the sampling site, is a losing stream (Hornbach et al. 2016 ) and thus the warmer water coming from Lake Edith into this branch was not cooled by groundwater before it reached our sampling site.
Macroinvertebrates
The macroinvertebrate community was more diverse in the North Branch and more abundant in the South Branch. Ten taxa (eight identified to family level, two to class level) were found in the North Branch and six families in the South Branch, with the branches sharing only two taxa (Table 2) . Macroinvertebrate density (log 10 transformed) was significantly higher in the South Branch than the North Branch (t 5 D 4.7, p D 0.002), and macroinvertebrate richness and Shannon diversity were both higher in the North Branch, although not statistically higher (log 10 (richness): t 5 D 0.1, p D 0.9; diversity: t 1 D 7.8, p D 0.1; Table 4 ). The FBI score for the North Branch was 5.57, placing it in the 'Fair' biotic integrity category, and the FBI score for the South Branch was 5.93, placing it in the 'Fairly Poor' biotic integrity category (Table 4) . Macroinvertebrate feeding preferences differed significantly between branches (x 2 8 D 137.9, p < 0.0001). An inspection of cell x 2 values showed that the main difference between branches was the large proportion of collector/gatherers in the South Branch (gammarids) compared to the North Branch. There were greater percentages of collector/filterers, collector/gatherers, and predators in the North Branch compared to the South Branch. There were similar percentages of shredders in both branches. However, the number of macroinvertebrates in the North Branch was low, and with a small sample size these results must be viewed with caution. There was a significant negative correlation between shear stress and macroinvertebrate density (F 1,7 D 9.3, p D 0.02, r 2 D 0.61) but no correlation with richness. 
Fishes
The fish community in the South Branch was more representative of a coldwater stream while the North Branch included some warmer water species (Table 3) . We observed eight fish species, six in the North Branch, and four in the South Branch (Table 3) . Fish richness and Shannon diversity were both higher in the North Branch, although there was no significant difference in the diversity indices (t 1 D 3.31, p D 0.19; Table 4 ). The coldwater stream IBI score for the North Branch was 55 ('Fair' biotic integrity), and the IBI score for the South Branch was 105 ('Excellent' biotic integrity; Table 4 ). In the North Branch there were 0.14 fishes/meter, and in the South Branch there were 0.93 fishes/meter.
Leaf decomposition
Leaf decomposition varied between treatments. A three-way ANOVA examining branch (North vs. South Branch), treatment (N, N/I, I), and collection period (10 SeptemberÀ24 September, 10 SeptemberÀ8 October) as factors of leaf decomposition rate (total dry weight) showed significant differences between treatments (F 2,59 D 9.9, p D 0.0003) and collection period (F 1,59 D 75.3, p < 0.0001), but no significance in location. There was no significance in interactions among factors. A similar pattern was found when an analysis was conducted based on the weight of organic matter in the leaves. Rates of decomposition were greatest for buckthorn (I) and lowest for black cherry (N) with the mixed treatment showing an intermediate response (Figure 2) . A paired t-test showed that the mixed treatment (N/I) had decomposition rates that were not significantly different than that expected assuming independent rates of decomposition for the two species that composed the mix (t 19 D 1.2, p D 0.25). Rates of decomposition were higher when measured over the first 14-d period when compared to rates determined over the entire 28-d period.
Periphyton
To examine periphyton production, we conducted a three-way ANOVA with periphyton production as the dependent variable and treatment (C, N, P, N C P), location (North vs. South Branch), and collection period (10 SeptemberÀ24 September, 10 SeptemberÀ8 October) and their interactions as independent variables. This analysis showed significant differences between locations (North Branch > South Branch; while in the South Branch, the rates of production were not statistically significantly different between the 14-or 28-d period. There were no significant interactions among other factors. Light meters deployed with the periphyton samplers showed higher rates of incident light in the North Branch (mean D 280.3 mmole/m 2 /s) compared to the South Branch (mean D 55.1 mmole/ m 2 /s). A paired t-test indicated that these differences were significant (t 280 D 18.4, p < 0.0001).
Stream metabolism
Although both branches of Valley Creek were heterotrophic throughout the study period, there were some differences between the streams. Stream oxygen levels were quite high throughout the study period in both branches, with the South Branch having higher levels of saturation than the North Branch (Figure 4) . Of the 34 d for which we were able to calculate metabolism parameters, we excluded one date from the South Branch and nine from the North Branch due to poor model fits (r 2 < 0.4). An analysis of covariance with location as the independent variable and date as the covariable with GPP, ER), and NEP as the dependent variables showed that location significantly influenced all three measures of metabolism (GPP: F 1,57 D 78.8, p < 0.001; ER: F 1,25 D 25.2; NEP: F 1,25 D 24.8, p < 0.0001) but the interaction of date and location only significantly influenced GPP (date Ã location: F 1,57 D 20.8, p < 0.0001). GPP and ER were greater in the South Branch than in the North Branch but the higher GPP did not compensate for the ER, thus giving the South Branch a more negative NEP ( Figure 5 ). The negative NEP for both branches indicates that both are heterotrophic. We found that water temperature influenced some aspects of stream metabolism. An analysis of covariance with GPP and ER as dependent variables, location as the independent variable, and temperature and PAR as covariables showed that location and the interaction between water temperature and location had significant effects on GPP (location: F 1,57 D 21.4, p < 0.0001; location Ã water temperature; F 1,57 D 10.9, p D 0.002). GPP increased with water temperature in the North Branch, but not in the South Branch. Only location significantly influenced ER (F 1,57 D 5.8, p D 0.02). This relationship did not hold true in the South Branch.
Discussion
We found that the two branches of Valley Creek had significant differences in a number of structural and functional attributes ( Table 5 ). The South Branch was shallower, wider, and cooler, and had greater discharge and dissolved nitrogen than the North Branch. The North Branch had higher shear stress and finer sediments than the South Branch. Phosphorus was similar in both streams. It is well known that differences in the hydrological and chemical makeup of streams significantly impact the biota and ecosystem processes (Woodcock & Huryn 2007; Beugly & Pyron 2010; Cuffney et al. 2010) .
Valley Creek is thought to be one of the best trout streams in the Twin Cities area of Minnesota (Zapp & Almendinger 2001) . The North Branch is classified as marginal trout habitat mainly due to its warmer summer water temperatures (Almendinger 2003) . Our data, and those of Barr Engineering (2015) , showed that North Branch water temperatures were warmer in the summer and early fall, and approached the cooler South Branch temperatures in the late fall and winter. The South Branch supported relatively high numbers of coldwater species such as slimy sculpin, brown trout, brook trout, and rainbow trout. All three trout species are coldwater species and top carnivores, and slimy sculpins are benthic, coldwater, intolerant species (Becker 1983; Mundahl & Simon 1998; Lessard & Hayes 2003) . Brown trout, the most abundant trout species we observed, require high Table 5 
levels of dissolved oxygen (Raleigh et al. 1986 ) as do sculpin (Brown 1989; Yoder 2012) . While both branches had relatively high oxygen levels, the North Branch had lower absolute oxygen levels. Despite the warmer temperatures and lower oxygen levels, the North Branch, nonetheless, provides suitable trout habitat in cooler months (Stewart 2007 ). The South Branch had a greater number of coldwater species than the North Branch likely due to the greater groundwater input, leading to a higher fish IBI score. Despite this, the North Branch had higher fish species diversity and richness values. We found a number of warmwater species, including yellow bullhead (Ameiurus natalis), bluegill (Lepomis macrochirus), and black crappies (Pomoxis nigromaculatus), in the North Branch likely due to the moderating influence of Lake Edith on the temperature of this branch. Warmwater streams have fewer intolerant, specialist coldwater species, and more tolerant, generalist eurythermal species resulting in higher species richness (Lyons et al. 1996) .
Similar to what we observed for fishes, the North Branch had higher macroinvertebrate richness and diversity compared to the South Branch. Macroinvertebrate density was significantly higher in the South Branch, but this was due primarily to the abundance of gammarids, which are often indicators of coldwater input to streams (Holsinger 1972) . With an FBI score of 5.57, the North Branch has a 'Fair' biotic integrity rating, compared to the score of 5.93 and 'Fairly Poor' biotic integrity rating in the South Branch. The Metropolitan Council (2014) (2016) reported an FBI score of 5.5 in the North Branch in 2014. The lower quality biotic integrity score in the South Branch can be attributed to the large number of gammarids (tolerance value of 6), which outweighed the other families present in the South Branch with lower tolerance values and lower abundance. Previous studies showed that increased water temperatures cause shifts in benthic macroinvertebrates (Jacobsen et al. 1997; Lessard & Hayes 2003) with macroinvertebrate family richness increasing with temperature in streams (Hieber et al. 2005) . In addition to temperature differences between the branches, we found a significant difference in shear stress and a significant negative relationship between macroinvertebrate density and critical shear stress. Previous studies suggest that shear stress influences benthic macroinvertebrate density; it is often difficult for macroinvertebrates to live in areas with high shear forces (Fuller et al. 2010; Hoover & Ackerman 2011) .
While there were significant differences in physical and chemical parameters, and fish and macroinvertebrate communities between the North and South Branches, leaf decomposition rates were not significantly different. We expected water temperature to influence decomposition rates more strongly, as observed in other studies (Irons et al. 1994; Mora-Gomez et al. 2015) . For example, Young et al. (2008) proposed that water temperature was the primary factor affecting leaf breakdown where faster decomposition rates were reported in warmer streams or seasons. Similarly, differences in shear stress and discharge, which have been shown to facilitate faster leaf breakdown due to increases in mechanical abrasion (Heard et al. 1999) , did not explain differences in decomposition rates between branches. The discharge was greater in the South Branch and the shear stress was greater in the North Branch, thus it is possible that these processes cancel each other out.
Although leaf decomposition rates did not differ between branches, there were differences between collection periods and between leaf species. Leaves decomposed at significantly higher rates during the 10 SeptemberÀ24 September collection period versus the 10 SeptemberÀ8 October period. These rates are consistent with models indicating rapid loss of mass initially due to leaching and microbial activity, followed by the subsequent decline in decomposition rate of more resistant compounds (Webster & Benfield 1986) . Similarly, we found significantly different rates of leaf litter decomposition between native and introduced treatments between the two collection periods. Leaves from introduced species decomposed more quickly than native leaves, which is consistent with other studies (Ehrenfeld 2003; Ashton et al. 2005 ) and in particular Freund et al. (2013) found that buckthorn decomposed more quickly than two species of native species in a headwater stream.
Our mixed bag leaves decomposed at a rate not significantly different from the expected intermediate rate between native and introduced treatments, which contrasts with findings from Swan et al. (2008) , where decomposition rates of native-introduced mixed leaf bags were not intermediate to native or introduced alone. The varying nutrient compositions of leaf mixtures offer detritivores opportunities to maximize feeding, making prediction of decomposition rates challenging due to the complexity of detritivorous interactions with different leaf litter compounds (Gessner et al. 2010) .
The North Branch had higher rates of periphyton production than the South Branch, especially when comparing control treatments, during the first 14 d of exposure. Optimal water temperature for most species of periphyton is 10-30 C with lower temperatures causing less than optimal photosynthetic activity and limited nutrient uptake (Larned 2010) . The North Branch was warmer and local light levels were higher than the South Branch, both of which could have contributed to the higher periphyton production. Warnaars et al. (2007) found that light level was among the most important factors controlling periphyton production. Under conditions of high or variable water velocity and shear stress, periphyton may have a more difficult time attaching to or staying attached to the substrate, which would result in lower chlorophyll a production (Warnaars et al. 2007; Larned 2010) . Luce et al. (2013) demonstrated that sand transport reduced periphyton production yet even with higher levels of shear stress and bed sand transport in the North Branch, production levels were greater in this branch, which could indicate that warmer temperatures and greater light availability outweighed the impact of higher shear stress.
Nitrogen levels in both branches are considered relatively high (>1 mg/L), while phosphorus levels are considered low (<0.1 mg/L) (Behar 1996) . In our nutrient enrichment treatments, phosphorus additions had the greatest impact, as expected. In general, the effects of nutrient additions appeared to be modest, having some impact on periphyton production only during the early stages of the study. Wold and Hershey (1999) showed that there were seasonal differences in the effect of nutrient additions on periphyton production, with no influence of nutrient addition late in the growing season. In our study it is likely that the higher temperatures and light intensity in the North Branch influenced periphyton growth more than nutrient availability, similar to other studies (Bernhardt & Likens 2004) .
We found that the components of stream metabolism (GPP, ER, and NEP) differed significantly between the North and South Branches of Valley Creek, with GPP and ER higher in the South Branch, and the North Branch being more heterotrophic (more negative NEP). GPP increased over time in the South Branch but decreased in the North Branch. GPP in the North Branch also declined during the fall of 2014 (data from Hornbach et al. 2016 ). The differences between the two branches could be due to different factors. Over the course of the study temperatures declined faster in the North Branch than the South. The declining temperatures in the North Branch could be responsible for the decrease in GPP, while an increase in light with leaf fall could be responsible for the increase in GPP in the South Branch, although leaf fall also occurred in the North Branch watershed. An ANCOVA showed that water temperature significantly influences GPP in the North Branch, but not the South Branch, supporting the idea that some factor other than temperature was influencing GPP in the South Branch. In other studies, both PAR and temperature have been shown to influence stream metabolism (Roberts & Mulholland 2007) and it seems in our case that increasing light may be responsible for increased GPP in the South Branch but that declining water temperatures had a greater role in the North Branch offsetting increases in light.
Groundwater inputs may strongly influence measurements of stream metabolism (Hall & Tank 2005; Hornbach et al. 2016) . While the South Branch received most of its groundwater from springs near the headwaters (Almendinger 2003) , and thus had sufficient time to come into equilibrium with the atmosphere before it reached our site, the North Branch is a losing stream until it reaches a few hundred meters upstream of our site (Hornbach et al. 2016 ). There local groundwater input, indicated by a higher vertical hydraulic gradient, may reduce oxygen levels. Oxygen saturation reached 100% on most days in the South Branch while values rarely exceeded 97% in the North Branch. Hornbach et al. (2016) estimated the impact of groundwater on the North Branch of Valley Creek and calculated the mean bias of groundwater on ER and GPP (ER uncorrected for groundwater/ER corrected) using methods in Hall and Tank (2005) . Using their calculations, we can produce a rough estimation of how groundwater influenced our measurements for autumn 2015. The mean bias for ER was 1.12, indicating that the measure of ER would be greater if we had corrected for groundwater. The mean bias for GPP was 0.57, so our estimation for GPP would be lower if we corrected for groundwater inputs. These corrections for the North Branch do not change the disparity in GPP, ER, or NEP between the branches. Although correcting for groundwater bias is important for producing more accurate measurements of metabolism, our corrected values do not entirely explain metabolic differences between the branches.
The two branches of Valley Creek differ substantially in their surface hydrology, which likely affected stream metabolism measurements. We believe that Lake Edith and wetland areas along the North Branch may have influenced differences in metabolism between the branches. The single station sampling method that we employed integrates metabolism over a stream reach approximately equal to 3v/k (v is water velocity (m/min), and k is the reaeration coefficient (min ¡1 ); Chapra & Di Toro 1991). Our sampling integrated metabolism over 6 km in the South Branch and 8.5 km in the North Branch. These estimates fall within a reasonable range for 3v/k (Reichert et al. 2009 ). Since our sampling included such a long reach on the North Branch, it is possible that metabolic activity from Lake Edith and the surrounding wetlands were included in our measurements. Many studies have demonstrated the influence of land use and riparian vegetation on stream metabolism Bernot et al. 2010; Hornbach et al. 2016) . It is possible that lower levels of GPP in the North Branch are due in part to shading from tree cover (42% forest cover in the North Branch, compared to 24% in the South Branch). Differences in nutrient regime due to anthropogenic land use are also known to influence primary production by altering the sources and relative importance of different types of organic matter in a stream (Young & Huryn 1999) . Therefore, metabolism could have been affected by land use differences in the two branches.
In this study we found conflicting results from the fish and macroinvertebrate IBIs, with the South Branch having a higher fish IBI and the North Branch having a higher macroinvertebrate FBI. Stream bioassessments are usually conducted using either fishes or macroinvertebrates, with the assumption that a single taxonomic assemblage is representative of the overall ecological condition and integrity of the stream (Paller 2001) . As in our study, others have found similar differences between fish and macroinvertebrate indices among sites. Johnson and Ringler (2014) found that fish IBI was not significantly correlated with various measures of macroinvertebrate community health. Pili ere et al. (2014) suggested that fish community measures of integrity were more related to physical traits of streams, while macroinvertebrate measures responded most to phosphorus concentrations. Combining fish and macroinvertebrate metrics, however, were effective in differentiating reference from impacted sites (Ruaro et al. 2016) . Barbour et al. (1999) recommend using multiple taxonomic groups to insure adequacy in comparing water quality among sites.
Climate change is expected to increase temperature in streams in most regions (Allan et al. 2004 , Kaushal et al. 2010 . This increase will likely have significant impacts on the community structure of fish and invertebrates and in ecosystem functions. In this study, we investigated differences between a coldwater stream and another that is slightly warmer as a model of what might be predicted with warming. One might expect a move towards a fish community more dominated by warmwater species (Buisson et al. 2013 ) and a decrease in density in macroinvertebrate communities (Li et al. 2012 ) with a shift towards smaller and shorter-lived species (Lawrence et al. 2010) . In addition, an increase in GPP (Yvon-Durocher et al. 2010) , periphyton growth and leaf decomposition rates (Fernandes et al. 2014 , Mora-Gomez et al. 2015 ) might be expected. Our results gave mixed results concerning these predictions. Griffith et al. (2005) noted that macroinvertebrates and fish differ in their sensitivity to human and climate impacts and that combining these measures with others would provide a multimetric approach for examining differences among sites. Freiberg et al. (2011) found both ecosystem and structural measures providing complementary responses to temperature differences in streams. Changes in aquatic communities and ecosystem processes are influenced by many factors beyond increases in temperature, thus it is important to partition the responses in various metrics to changes in water quality and to temperature sensitivity (Hamilton et al. 2010) . We suggest that multiple measures, utilizing both structural and functional measures of stream systems such as those in this study and suggested by others (Friberg et al. 2011; Hopkins et al. 2011) , be further researched to assess the impact of climate change versus other anthropogenic impacts on stream habitat quality.
